Abstract: Past studies have demonstrated that epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors can significantly improve clinical outcomes in patients with locally advanced or metastatic non-small cell lung cancer (NSCLC) and sensitive EGFR gene mutations. Gefitinib (Iressa ® ), the first oral EGFR tyrosine kinase inhibitor, has been shown to be more effective and better tolerated than chemotherapy either in first-line or second-line treatment for patients with advanced NSCLC harboring sensitive EGFR mutations. Conversely, among patients with wild-type EGFR, gefitinib is inferior to standard chemotherapy in both the first-line and second-line settings. Further, gefitinib is effective in patients with brain metastases because of its low molecular weight and excellent penetration of the blood-brain barrier. In this review, we summarize the current data from clinical trials with gefitinib and appraise its role in the management of locally advanced or metastatic NSCLC.
Introduction
Worldwide, lung cancer is the most common malignancy in terms of incidence and mortality. In 2012, estimated new cases and deaths from lung cancer globally were 1,824,701 and 1,589,800, respectively. 1 Data from the USA show that the lifetime risk of developing lung cancer is 8% in men and 6% in women. 2 According to histological type, lung cancers are classified as non-small cell lung carcinoma (NSCLC) and small cell lung carcinoma. NSCLC constitutes the vast majority of lung cancers and can be further divided into three main subtypes, ie, adenocarcinoma, squamous cell carcinoma, and large cell carcinoma. 2 Approximately 30%-40% of NSCLC cases and 60% of small cell lung carcinoma are at an advanced stage at presentation. 3 Despite improvements in diagnostic and therapeutic techniques, the prognosis of lung cancer is generally poor. In the USA, the 5-year overall survival of all lung cancer patients is 15%, with only 1%-2% of patients with advanced lung cancer surviving for 5 years. 4 The main treatments for NSCLC include surgery, chemotherapy, radiotherapy, molecular targeted therapy, and palliative care. Surgery is the optimal choice for earlystage NSCLC and usually followed by adjuvant chemotherapy and radiotherapy. For locally advanced or metastatic NSCLC, chemotherapy consisting of platinum-based doublets is the primary treatment choice. 5 However, recent advances in molecular targeted therapy have provided alternative therapeutic options for locally advanced or metastatic NSCLC. Clinical trials have demonstrated that epidermal growth factor submit your manuscript | www.dovepress.com
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Yuan et al receptor (EGFR) tyrosine kinase inhibitors (TKIs), can significantly improve survival in patients with advanced NSCLC and sensitive EGFR gene mutations. 6, 7 In 2002, gefitinib (Iressa ® , AstraZeneca, London, UK, and Teva Pharmaceutical Industries, Tel Aviv, Israel), was the first EGFR TKI to be approved in Japan for use in lung cancer. Studies have shown it to be more effective than chemotherapy in first-line and second-line treatment for patients with advanced NSCLC harboring sensitive EGFR mutations. 7, 8 Gefitinib is also reported to be responsive in patients with brain metastases. 9, 10 The chemical structure of this once-daily 250 mg tablet is shown in Figure 1 . In this review, we summarize the recent clinical trials of gefitinib and appraise its role in the management of locally advanced or metastatic NSCLC.
Pharmacology, mode of action, and pharmacokinetics of gefitinib EGFR, a 170 kDa plasma membrane glycoprotein and the founding member of the ErbB family, plays an important role in the regulation of cell growth and differentiation. The receptor is composed of an extracellular ligand-binding domain, a lipophilic transmembrane domain, and an intracellular tyrosine kinase domain. Upon binding of specific ligands to its ligand-binding domain, EGFR undergoes a series of molecular changes, including dimerization and tyrosine kinase activation, leading to cell proliferation, motility, adhesion, invasion, survival, and angiogenesis. 11 Studies have demonstrated that mutations leading to EGFR overexpression or overactivity are associated with a number of human cancers. 12, 13 Gefitinib, a small-molecule EGFR TKI, can selectively inhibit the intracellular tyrosine kinase domain by binding to the adenosine triphosphate-binding site of the enzyme. Thus, EGFR downstream signal transduction pathways are blocked, inducing cell cycle arrest and inhibition of other activities ( Figure 2) . 14, 15, 16 Researchers have shown that mutations in the EGFR tyrosine kinase domain, which is responsible for activating antiapoptotic pathways, tend to confer increased sensitivity to gefitinib. 17, 18 Other studies have indicated that patients harboring EGFR mutations in exon 19 (deletion) or exon 21 (L858R) are sensitive to gefitinib. 19, 20 Further, a sensitive EGFR mutation has been reported to occur in about 10%-15% of NSCLC patients in Europe and around 30%-40% in Asia. [21] [22] [23] [24] Several studies have investigated the pharmacokinetics of gefitinib. 11, [25] [26] [27] [28] The oral bioavailability of a 250 mg gefitinib dose is 59%, 25, 26 and the plasma protein binding rate is 91%. 27 Oral gefitinib is absorbed slowly, and reaches peak plasma concentrations 3-5 hours after administration. Its half-life is about 48 hours, and a steady-state concentration is typically achieved by day 7 to 10 after administration. 11, 25, 26 Gefitinib is predominantly metabolized in the liver and eliminated via the bile into feces, with less than 7% excreted in urine. 27 Studies have indicated that its metabolic pathway is mainly mediated by cytochrome P450 (CYP)3A4 and CYP2D6, and partly by CYP3A5 and CYP1A1. 27 
Clinical efficacy of gefitinib
Based on early Phase II clinical studies, IDEAL 1 29 and IDEAL 2 30 (Iressa Dose Evaluation in Advanced Lung Cancer study 1 and 2, respectively), gefitinib was first indicated in patients with advanced NSCLC after failure of standard chemotherapy. In May 2003, gefitinib received accelerated approval by the US Food and Drug Administration as monotherapy for patients with locally advanced or metastatic NSCLC after failure of both platinumbased doublets and docetaxel chemotherapy. 31 In further Phase III studies, INTEREST (IRESSA Non-small cell lung cancer Trial Evaluating Response and Survival against Taxotere) 32 showed noninferiority of gefitinib to docetaxel in unselected pretreated patients with advanced NSCLC, and IPASS (IRESSA Pan-Asia Study) 7 demonstrated the superiority of gefitinib compared with chemotherapy in the first-line setting for patients harboring sensitive EGFR mutations. Thus, in 2009, the European Commission approved gefitinib in patients with advanced NSCLC and sensitive EGFR mutations across all lines of treatment. At present, gefitinib is marketed in more than 64 countries.
Gefitinib as second-line or later therapy for NSCLC
In 2003, IDEAL 1 29 and IDEAL 2 30 reported that gefitinib was clinically beneficial in patients with advanced NSCLC after failure of standard chemotherapy regimens. These two studies demonstrated that gefitinib is an important and novel treatment option other than placebo in pretreated patients. IDEAL 1 29 evaluated the efficacy and tolerability of two doses of gefitinib (250 mg/day and 500 mg/day) in 210 patients with advanced NSCLC previously treated with one or two chemotherapy regimens. Abbreviations: EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; PIK3, phosphatidylinositol-4,5-bisphosphate 3-kinase; mTOR, mammalian target of rapamycin; ATP, adenosine triphosphate; KRAS, V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog; RAF, rapidly accelerated fibrosarcoma; MEK, mitogen-activated protein kinase kinase; MAPK, mitogen-activated protein kinase.
The 250 mg/day group and 500 mg/day group showed similar efficacy (overall response rate 18.4% versus 19.0%, respectively, P.0.05; median progression-free survival 2.7 months versus 2.8 months, P.0.05; and median overall survival 7.6 months versus 8.0 months, P.0.05, see Table 1 ). However, drug-related toxicities were more frequent in the 500 mg/day group (9.4% versus 1.9% in the 250 mg/day group). Therefore, the study recommended gefitinib 250 mg/day for pretreated patients with advanced NSCLC. Similarly, in IDEAL 2, 30 Kris al demonstrated that gefitinib administered at 250 mg/day was well tolerated and effective in patients with NSCLC persisting after standard chemotherapy (Table 1) . It is worth mentioning that adenocarcinoma, female sex, and Japanese ethnicity were correlated with better response in both trials. Further studies and biomarker analyses 19, 20, 33, 34 showed that patients harboring sensitive EGFR mutations had better clinical outcomes when treated with gefitinib. Further, EGFR mutations were more prevalent in patients with adenocarcinoma, females, nonsmokers, and Asians.
The results of the ISEL (IRESSA Survival Evaluation in Lung Cancer) 35 (Table 1) . 32 However, in patients with wild-type EGFR, second-line chemotherapy is superior to gefitinib. CTONG 0806, which was verbally reported by Yang et al 40 at the 2013 American Society of Clinical Oncology meeting, was a Phase II study investigating the efficacy of pemetrexed or gefitinib as second-line treatment in patients with wild-type EGFR and advanced NSCLC. Progression-free survival was the primary endpoint of this study. The study concluded that the pemetrexed group had a longer progression-free survival than the gefitinib group (4.8 months versus 1.6 months, HR 0.51, P,0.001) and showed a tendency for longer overall survival (12.4 months versus 9.6 months, HR 0.72, P=0.077). Interestingly, like gefitinib, erlotinib is inferior to chemotherapy as second-line treatment in patients with wild-type EGFR and advanced NSCLC, as demonstrated by TAILOR (Tarceva Italian Lung Optimization Trial) 41 and DELTA (Docetaxel and Erlotinib Lung Cancer Trial).
Gefitinib as first-line therapy for NSCLC
In order to determine whether addition of gefitinib to standard first-line chemotherapy provides clinical benefit over standard chemotherapy alone, two large-scale Phase III studies, ie, INTACT-1 42 and INTACT-2 (Iressa NSCLC Trial Assessing Combination Treatment study 1 and 2), 43 were carried out in 2,130 patients with advanced NSCLC, and both reported negative results in 2003 (Table 2 ). In INTACT-1, 42 patients received chemotherapy composed of cisplatin and gemcitabine plus either gefitinib 500 mg/day, gefitinib 250 mg/day, or placebo. There was no significant difference in efficacy endpoints between the three treatment groups (overall response rate 50.3% for gefitinib 500 mg/ day versus 51.2% for gefitinib 250 mg/day versus 47.2% for placebo, P.0.05; median time to progression 5.5 months versus 5.8 months versus 6.0 months, P=0.7633; median overall survival 9.9 months versus 9.9 months versus 10.9 months, P=0.4560). Similar results were obtained in INTACT-2, 43 which investigated the additional benefit of gefitinib in combination with a paclitaxel and carboplatin regimen ( Table 2) . Further molecular analysis showed no significant difference in response to gefitinib plus chemotherapy according to EGFR genotype. 34 These studies demonstrated that gefitinib in combination with standard chemotherapy as first-line treatment in advanced NSCLC did not have improved efficacy over chemotherapy alone.
In 2009, IPASS, 7, 19 one of the most important clinical trials of gefitinib, reported its results (Table 2 ). In this randomized, multicenter, Phase III study, 1,217 untreated East Asian patients with advanced pulmonary adenocarcinoma who were nonsmokers or former light smokers were assigned to receive gefitinib or carboplatin-paclitaxel chemotherapy. The study met its primary objective endpoint, showing noninferiority of gefitinib in terms of overall survival and superiority for overall response rate and progression-free survival compared with carboplatin-paclitaxel chemotherapy (overall survival 18.8 months versus 17.4 months, HR 0.90, P=0.109; overall response rate 43.0% versus 32.2%, OR 1.59, P=0.0001; 12-month progression-free survival 24.9% versus 6.7%, HR 0.74, P,0.001). According to the original paper, the overall survival results were similar probably because they were confounded by the large proportion of patients crossing over to the alternative treatment. In the subgroup analyses, progression-free survival and overall response rate in the gefitinib group was significantly improved over that of the chemotherapy group among EGFR mutationpositive patients (progression-free survival 9.5 months versus 6.3 months, HR 0. 48 48 In WJTOG3405, 177 chemotherapy-naïve patients diagnosed with advanced NSCLC harboring sensitive EGFR mutations (either deletion in the exon 19 or L858R point mutation in exon 21) were randomly assigned to receive either oral gefitinib or intravenous cisplatin plus docetaxel chemotherapy. The gefitinib group had significantly longer progression-free survival (9.2 months versus 6.3 months compared with chemotherapy group, HR 0.49, P,0.0001) and a higher overall response rate (62.1% versus 32.2%, P,0.0001). The two groups had similar overall survival (HR 1.638, P=0.211). NEJ002 was conducted to evaluate the efficacy and safety of gefitinib versus carboplatin-paclitaxel chemotherapy in patients with sensitive EGFR mutations. The results also showed noninferiority of gefitinib in terms of overall survival and superior overall response rate and progression-free survival (Table 2) .
Gefitinib versus other EGFR TKIs
Erlotinib, the structure of which is similar to that of gefitinib, is another EGFR TKI agent that is frequently used in advanced NSCLC. Some retrospective analyses and clinical trials have shown no significant difference in efficacy and tolerability between gefitinib and erlotinib in pretreated NSCLC patients. [49] [50] [51] In 2011, a randomized Phase II study 50 was conducted by Kim et al in patients with advanced NSCLC who failed first-line chemotherapy and had either EGFR mutation or at least two of three clinical factors associated with a higher incidence of EGFR mutations (female, adenocarcinoma histology, nonsmoking) to compare the efficacy and safety of gefitinib and erlotinib as second-line therapy. This trial concluded that gefitinib and erlotinib had similar efficacy and tolerable toxicity profiles (overall response rate 47.9% in the gefitinib arm versus 39.6% in the erlotinib arm, P=0.269; median progression-free survival 4.9 months versus 3.1 months, P=0.336; overall survival not reached). CTONG 0901 (NCT01024413), another Phase II study comparing the efficacy of gefitinib and erlotinib, is being carried out in a Chinese population. Icotinib, a novel EGFR TKI, also shows antitumor activity in NSCLC patients. The half-life of icotinib is about 6-8 hours, so it is administered 125 mg three times daily. In 2013, a randomized Phase III study, ICOGEN (Icotinib versus gefitinib in previously treated advanced non-smallcell lung cancer), demonstrated gefitinib to be noninferior in terms of overall response rate, progression-free survival, and overall survival (overall response rate 27.6% versus 27.2%, OR 1.02, P=0.91; progression-free survival 4.6 months versus 3.4 months, HR 0.84, P=0.13; overall survival 13.3 months versus 13.9 months, HR 1.02, P=0.57) in 399 Chinese patients with NSCLC who had not responded to one or more platinum-based chemotherapy regimens. Similar results were obtained in the EGFR-mutated subgroup. 52 Afatinib, an irreversible EGFR TKI, has demonstrated noteworthy efficacy in patients with NSCLC who progressed during prior treatment with erlotinib and/or gefitinib. In the global Phase IIb/III LUX-Lung 1 study (NCT00656136), 53 585 patients with stage IIIb/IV lung adenocarcinoma, who had progressed after 1-2 lines of chemotherapy and erlotinib or gefitinib, were randomized 2:1 to receive either afatinib plus best supportive care or placebo plus best supportive care. Progression-free survival and overall response rate improved significantly (progression-free survival 3.3 months versus 1.1 months, P,0.05; overall response rate 7.0% versus 0.5%, P,0.05), but the primary endpoint of overall survival was not prolonged (10.8 months versus 12.0 months). In LUXLung 4, 54 a single-arm Japanese Phase II trial, 62 patients who received afatinib after failure of erlotinib or gefitinib had a favorable clinical outcome (overall response rate 8.2%, progression-free survival 4.4 months, overall survival 19.0 months). LUX-Lung 7 is being carried out worldwide to compare afatinib with gefitinib as first-line therapy in patients with advanced NSCLC and harboring sensitive EGFR mutations.
Dacomitinib is a small-molecule, irreversible pan-ErbB inhibitor. Preclinical studies show that dacomitinib is effective in tumors with EGFR T790M resistance mutation. 55 Ramalingam et al 56 conducted a randomized Phase II study of dacomitinib versus erlotinib as second-line therapy in patients with advanced NSCLC. Their results demonstrated significantly improved progression-free survival and a better response rate for dacomitinib compared with erlotinib. In patients with KRAS wild-type tumors, median progressionfree survival in the dacomitinib group was significantly longer than in the erlotinib group. A Phase III study, ARCHER 1009 (NCT01360554), is ongoing to compare the efficacy and safety of dacomitinib with that of erlotinib as second-line treatment in patients with advanced NSCLC. ARCHER 1050 (NCT01774721) is a multicenter Phase III study underway submit your manuscript | www.dovepress.com
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Treatment of brain metastasis with gefitinib
Approximately 50% of patients with advanced NSCLC develop brain metastases during the course of their disease. 57 The prognosis for this subset of patients is very poor, with a median survival of only 4-7 weeks if untreated. 58 Standard treatment, symptomatic relief with corticosteroids, and whole-brain radiotherapy can prolong median overall survival to 3-6 months. 59 However, some case reports and Phase II clinical trials have reported the benefits of gefitinib in patients with brain metastases. 60, 61 An animal experiment has shown that the blood-brain barrier is leaky in patients with brain metastases larger than 0.25 mm in diameter. 62 Due to their low molecular weight and excellent cell penetration, EGFR TKIs reach higher concentrations in the brain than traditional cytotoxic drugs. Chen et al performed a study of gefitinib in a mouse model of NSCLC with brain metastasis, and reported that the concentration of gefitinib in brain tissue was much higher than in the cerebrospinal fluid. Further, increasing doses of gefitinib could increase its exposure in the brain. 63 In a Phase II study reported by Ma et al, 60 21 patients with brain metastases, who received 40 Gy/20 fractions/4 weeks whole-brain radiotherapy and gefitinib 250 mg once daily, had relatively favorable outcomes, with an overall response rate 81% (95% CI 58%-95%), median progression-free survival of 10.0 months (95% CI 7.5-12.5), and overall survival of 13.0 months (95% CI 8.2-17.8). Further, in a trial conducted by Park et al, 9 28 patients diagnosed with brain metastases from NSCLC and harboring sensitive EGFR mutations who received erlotinib or gefitinib after systemic treatment had a median overall survival of 15.9 months (95% CI 7.2-24.6), with no significant difference between the erlotinib and gefitinib subgroups. In 2013, Fan et al 61 retrospectively investigated the effects of chemotherapy and EGFR TKI combined with localized treatment in 210 patients with NSCLC and brain metastases. Their analyses showed that patients receiving EGFR TKI plus localized treatment had better clinical outcomes than those receiving chemotherapy plus localized treatment (overall survival 12 months versus 9 months, P=0.002). Additionally, median overall survival for patients harboring EGFR mutations was significantly longer than in those with wild-type EGFR (20 months versus 8 months, P=0.002). Iuchi et al 64 conducted a Phase II study to investigate the efficacy of gefitinib alone without radiation therapy in 41 Japanese patients with brain metastases from EGFR-mutant lung adenocarcinoma. The patients showed a favorable response to gefitinib (overall response rate 87.8%, median progression-free survival 14.5 months, median overall survival 21.9 months). These studies demonstrated the efficacy of gefitinib in brain metastases, but large-scale randomized clinical trials are urgently needed.
Acquired resistance to gefitinib
Unfortunately, almost all responders ultimately develop acquired resistance to EGFR TKIs. The most common reason is genetic mutation or pathological change. An EGFR T790M point mutation in exon 20 is the most frequent mechanism of acquired resistance. 65 Other mechanisms include MET amplification, HER2 amplification, and small cell histologic transformation. 65 On performing rebiopsies in 155 patients with lung adenocarcinoma after development of acquired resistance to EGFR TKIs, Yu et al 65 showed that 63% of patients had T790M mutation, 13% had HER2 amplification, 5% had MET amplification, and 3% had small cell transformation.
There is no standard treatment after failure of gefitinib. If the disease shows systemic or rapid progression, changing to cytotoxic chemotherapy with or without gefitinib is a potential option. The National Comprehensive Cancer Network guidelines for the treatment of NSCLC recommend docetaxel, pemetrexed, or a platinum doublet with or without bevacizumab as second-line treatment after failure of firstline gefitinib. 66 Due to the different resistance mechanisms for gefitinib, researchers suggest rebiopsy of the relapsed tumor. 67 If progression is localized, continued use of gefitinib in addition to local treatment such as radiation and surgery is suggested. There are some ongoing clinical trials investigating the effects of adding T790M or a MET inhibitor to EGFR TKI. It should be noted that discontinuation of an EGFR TKI could result in accelerated disease progression. 68, 69 In a study reported by Chaft et al, 69 23% of patients experienced a disease flare after stopping erlotinib or gefitinib. In another report published in 2013, 18 patients with extracranial local progression who received elective local therapy (surgical resection, radiofrequency ablation, or radiation) with continuous use of an EGFR TKI obtained favorable clinical benefits (median time to progression 10 months and median overall survival 41 months). 70 After a drug holiday or systemic chemotherapy, a second round of EGFR TKI therapy (including gefitinib, erlotinib, afatinib, and other EGFR TKIs) may result in a renewed response. 53, 68, 71 In a prospective trial reported by Riely et al, 68 there was a median 4% decrease in maximum standard uptake value (SUV max ) on 18-fluoro-2-deoxy-d-glucose-positron emission tomography/computed tomography and a 1% decrease in tumor diameter 3 weeks after restarting erlotinib or gefitinib. Further studies of treatment after development of resistance to gefitinib are warranted.
Safety and tolerability of gefitinib
As an oral tumor-targeted agent, gefitinib is better tolerated than systemic chemotherapy. Studies have shown that the most common adverse events are mild-to-moderate skin rash (37%) and diarrhea (27%). 35 Hematological toxicities are rare in patients using gefitinib. Table 3 summarizes the common adverse events documented in the INTEREST 32 and IPASS 7 studies. Of note, a potentially serious and lethal adverse reaction to gefitinib is interstitial lung disease. In the ISEL 35 study, the frequency of interstitial lung disease was 1%, similar to the frequency of 1.4% documented in INTEREST. 32 Kudoh et al performed a nested case-control study to elucidate the risk factors for interstitial lung disease in the Japanese population. 72 The results showed that interstitial lung disease was more common in patients with older age, a smoking history, pre-existing interstitial lung disease, and poor performance status during treatment with gefitinib. Additionally, the risk of developing interstitial lung disease was significantly higher with gefitinib than with chemotherapy (OR 3.2, 95% CI 1.9-5.4), especially in the first 4 weeks.
Gefitinib may improve the quality of life
Many studies have reported that gefitinib could significantly improve patients' quality of life compared with chemotherapy, especially in the EGFR mutation-positive population. 7, 32, 37, 48, 73 73 Their analyses demonstrated that quality of life improvement rates were significantly greater with gefitinib versus chemotherapy; and that symptom improvement rates were similar for both treatments (Table 4 
Conclusion
In summary, gefitinib, an oral small-molecule EGFR TKI, has been demonstrated to be superior to standard chemotherapy as first-line and second-line treatment in terms of overall response rate and progression-free survival for advanced NSCLC patients harboring sensitive EGFR mutations. Conversely, among EGFR wild-type patients, gefitinib is inferior to standard chemotherapy either in first-line or in second-line therapy. Further, because of its low molecular weight and excellent penetration, gefitinib is effective in patients with brain metastases. The most common adverse effects of gefitinib are mild-to-moderate skin rash and diarrhea. Gefitinib may significantly improve patients' submit your manuscript | www.dovepress.com
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Yuan et al quality of life compared with chemotherapy, especially in the EGFR mutation-positive population. Unfortunately, almost all responders eventually develop acquired resistance to the drug. EGFR T790M point mutation in exon 20 is the most common mechanism of acquired resistance. To date, there is no standard treatment available after failure of gefitinib, although patients still have several options.
Clinical trials of gefitinib in neoadjuvant and adjuvant therapy are now being carried out in patients with early-stage NSCLC harboring EGFR mutations, and include NCT01833572, NCT01405079. There are also clinical trials under way investigating the optimal treatment after acquired resistance to gefitinib, such as IMPRESS (NCT01544179) and NCT01746277. It seems clear that gefitinib will be used more widely in lung cancer in the future.
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